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SUMMARY

An increasing number of polypeptide growth factors have been identified that have proven essential in the development
of defined cell culture media for mammalian cell culture. The development of defined mammalian cell culture media, in
turn, has provided an environment for studying cell lines in an experimentally manageable unit for studying the action of
cellular regulators and genes that determine the properties of cells. FEvidence that vertebrate growth factors may be present
in insects is based on DNA sequences that encode epidermal growth factor and transforming growth factor-8. However,
research on the influence of commercially available vertebrate growth factors is very limited. Although the majority of

" jnsect growth-promoting substances studied were isolated directly from insect hemolymph, few of these have been purified
1o the extent that they could be tested in insect cell, tissue, and endoparasite cultures. Research is needed in both of these
areas to aid in developing defined insect culture systems, and to understand better the regulation of postembryonic growth
and development in insects.
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INTRODUCTION

The importance of growth factors in regulating the proliferation
vertebrate cells has been recognized for many years (14). In the
st issue of the new journal Progress in Growth Factor Research
989, Vol. 1), Dr. John Heath, the Executive Editor, defined
owth factors as a <. . . diverse group of polypeptide regulatory
ents which act to control a host of cellular responses {not least cell
ultiplication) by mechanisms analogous to classical endocrine
rmones” (18). Increased interest in these agents has occurred
cause of the discovery that viral oncogenes encoded growth fac-
rs and their receptors and that some genes are activated by poly-
ptide growth factors (29). Vertebrate growth factors are a diverse
oup of agents. Many of them have been characterized and their
ode of action has been defined, for reviews see Gospodarowicz and
oran (14), Barnes and Sirbasku (3), and Deul (8), and for their
ole in the development of defined cell culture systems see McKee-
an et al. (29). Briefly, growth factors range in molecular mass from

on-transporting factor, transferrin. Some of them act externally
hirough cell surface receptors such as epidermal, platelet-derived,
ad insulinlike factors, whereas some have binding proteins asso-
jated with them. Insulinlike growth factors, such as IGF-1 and
GF-2, have different binding proteins that can modulate the actions
f the factors in both inhibitory and stimulatory ways (4). In addi-
ion, there are growth-factor-specific enzymes that may be impor-
ant in regulating levels of the growth factor. An example is the
volutionarily conserved insulin-degrading enzyme that degrades
he alpha-transforming growth factor after it acts on the target
cell (12).

000 Da for the epidermal growth factor to 80 000 Da for the

Although a major goal of insect cell culture specialists is to con-
coct new and better growth media for culturing cells and tissues,
little effort has been directed toward isolating and identifying growth
factors in invertebrates. A review of growth factors in inveriebrates
revealed that much less is known about their production, structure,
and mode of action than about any of the well-characterized verte-
brate growth factors (Table 1) (1,5,9-1 1,16,19,21,24,25,33,35-
39). Molecular size of most of the insect growth factors was deter-
mined primarily by size exclusion during dialysis after very limited
purification. Most of these factors are low molecular weight com-
pounds (<10 kDa) that have not yet been purified to the point of
providing molecular identity, such as the cationic factor (39), and
the Bombyx growth-promoting substances (1,35). Except for the
cationic growth factor (39), the source for all of the reported insect
growth factors was hemolymph. Some of the growth factors studied
had apparent molecular weights greater than 10 000. For example,
a heat labile (>10 kDa) substance was found in silkworm pupae
that stimulated maturation of spermatocytes in vitro (38). Also, a
nondialyzable substance (>10 kDa) in the hemolymph of the silk-
moth was attributed with stimulating growth in a cell line derived
from mosquito larvae (MSQ) (19). Two low molecular weight poly-
peptides, the vesicle promoting factor (10,11), and the insulinlike
factor (9) have been partially sequenced. Two other polypeptides
which have been isolated and partially characterized include the
largest growth factor identified, a 230 kDa polypeptide that stimu-
lated parasitoid egg development in vitro and was isclated from host
hemolymph (16). Also, a nonstorage oligomeric protein isolated
from larval and pupal hemolymph of Manduca sexta induced inter-
molt cutical deposition in vitro (37).

Some of the most convincing evidence for growth factor hetero-
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TABLE 1

GROWTH FACTORLIKE SUBSTANCES IN INSECTS

Factor Source M.M., Daltons Characterization Biological Action Referenceg
Cationic Growth adult extracts Drosophila <400 ? no amine acids present Proliferation of KC (39)
Factor melanogaster HP cell line
Pupaticn factor Manduca sexta <1000 ? 2 or more molecules Induces pupation in {21)
(sugar or peptide) egg parasitoid
Growth Promoting Bombyx meri hemolymph <5000 neutral lipid fraction proliferation of cell (35)
Substance line
Growth Promoting Bombyx mori hemolymph <10 000 Acid and alkali soluble culture of tissue (1)
Substance dialyzable
Growth Promoting hemolymph >10 000 heat labile spermatogenesis (38)
Substance nondialyzable
Growth Promoting Antheraea pernyi >10 000 proliferation MSQ (19)
Substance hemolymph nondialyzable cell line
Vesicle Promoting Trichoplusia ni 16 9200 nonglycosylated induces formation (16, 11
Factor hemolymph polypeptide sequenced of vesicles in cell
line
Insulinlike M. Sexta 24 400 amino acid and DNA regulates )
D. melanogaster sequenced carbohydrate
C. vomitoris metabolism
larvae and KC cells
Egg Development Heliothis zea hemolymph 230 000 glycosylated polypeptide promotes egg (16)
Stimulating development of
Protein endoparasite
Hemolymph M. Sexta hemolymph 286 000 tetrameric protein cuticle deposition in 37
Trophic Factor vitro
Epidermal-like Drosophila DNA sequences in notch determinants of (24, 25, 36)
growth factor and delta genes encode ectodermal cells
EGF-like molecules in embryo
Transforming-like Drosophila DNA sequences in DPP-C evidence that {5, 33)

gene complex encede

regulates cell

growth factor

TGF-B division and
differentiation

phyly is based on studies of gene regulation in Drosophila embryo-
genesis. Considerable DNA sequence similarity exists between the
genes that encode for the Notch, Delta, and decapentaplegic pro-
teins and the vertebrate growth factors such as the epidermal growth
factor (24,25,36) and the transforming growth factor-8 (5,33).
However, information on most insect growth regulators is Limited,
and compared with the progress made in the field of vertebrate
growth factors the status of growth factors in insects and inverte-
brates is in its infancy. Currently, insect cell biclogists do not have
specific growth factors available to them to formulate chemically
defined media for insect cells.

If development of tissue culture media for insect cell lines is
examined from a historic perspective, we can trace the use of supple-
mental factors from Grace (15), who established the first insect cell
line from Antheraea, a silkmoth. Later, lobster hemolymph was
used for a short period of time (6,32,40), and then a number of cell
culturists replaced hemolymph with fetal bovine serum for cell and
tissue culture. Fetal bovine serum seems to be the most frequently
used vertebrate serum, and according to Mitsuhashi and Goodwin
(31), most primary insect cell cultures cannot grow without it.
Barnes and Sato (2) successfully used growth factors, hermones,
binding proteins, and attachments factors to replace serum in a
defined media for vertebrate cell lines, but this has not yet been
achieved for insect cell culture media.

Defined cell culture media have been achieved for vertebrate cell
lines (2). Because arthropod blood can be replaced with vertebrate

serum, which in turn can be replaced by growth factors in veriebrate
cell lines, we asked whether vertebrate serum could be replaced by
vertebrate growth factors for use with insect cell lines. However,
published information on the effect of vertebrate growth factors on
insect cell lines is very limited (30). Attempts have been made to
isolate growth factors that may affect insect cells from non-insect
sources such as fetal bovine serum (26). The nondialyzable portion
of fetal bovine serum stimulated the growth and development of
embryos and larvae of a parasitic wasp (17), and Mitsuhashi (30)
found that fetal bovine serum contained heat and pronase-sensitive
substances that promoted growth of an insect cell line, In additionto
growth factors in fetal bovine serum, insulin functioned as an insect
growth factor because it promoted growth of a Drosophila melano-:
gaster cell line and imaginal discs, although not of lepidopteran cell
lines (7,34). Lynn and Hung (28) successfully employed Uliraser G
and Nuserum, two serum substitutes, to supply mammalian growth
factors required for growth of a continuous cell line from an insect
egg parasitoid. However, the investigators were unable to culture.
the cells using purified growth factors as a substitute for the serum:

We are aware of two additional published reports on the effect of
vertebrate growth factors on insect cell lines. Glycylhistidyllysine, 8
vertebrate copper-iransporting growth factor, stimulated cell growth
in serum-free media for Lepidopteran cell lines (13). Epiderméa
growth factor and fibroblast growth factor were beneficial in cultur
ing differentiated and venom gland cells (28). We also tested th
effects of selected vertebrate growth factors on an insect cell line




TABLE 2

EFFECTS OF VERTEBRATE GROWTH FACTORS
ON INSECT CELL GROWTH

dium Graces TC. IAL-PID, Cell
% FBS Line Factors Growth, %
10 — 100
5 — 54
5 FGF 42
5 EGF 53
5 FGF + EGF 53
5 FGF, EGF + ITS 46
(Concentrations)

S = fetal bovine serum 10/5%

F = fibroblast growth factor 25 ng/ml

F = epidermal growth factor 25 ng/ml

S = insulin; transferrin; selenium 62.5 ug; 62.5 pg: 62.5 ng/ml

L-PID2) (27) derived from imaginal wing discs of the Indian-
eal moth (Table 2). Reducing the concentration of fetal bovine
yum by 50% reduced growth of the cells by 50%. However, the
dition of fibroblast growth factor, epidermal growth factor alone
in combination with insulin, transferrin, or selenium did not stim-
ate growth of the cells. These results suggest that specific peptides
growth factors may substitute for the fetal bovine serum in some
ect cultures.

Insect hemolymph has been a source of factors with potential for
e in tissue culture. For example, two iron-binding proteins have
en identified in the hemolymph of Manduca sexta: a high molecu-
weight protein (490 kDa) functionally comparable to ferritin in
ammals, and an 80 kDa protein comparable to transferrin (20).
ese iron-binding proteins are thought to allow lepidopterans to
ore large amounts of iron during the larval feeding stage and to
obilize it during the development of flight muscle in the adult.
rified proteins such as these could be tested on lepidopteran cell
es. Other proteins such as storage proteins, transport proteins,
d bactericidal proteins have been identified from in vitro studies
d have critical functions atiributed to them (reviewed in 22}, these
oteins might also be beneficial for the growth of insect cell lines.
Thus, it is not yet certain that there are polypeptide growth fac-
rs present in nonendocrine insect tissues that are involved in cel-
lar activities in vivo. Although vertebrate growth factors have not
utinely served as growth factors for insect cells, there still may be
ecific growth factors in the insect’s hemolymph that would aid in
rmulating chemically defined media for insect cells. In Drosoph-
, as mentioned above, there is evidence that there are vertebrate-
e growth factors with similarities to epidermal growth factor and
ansforming growth factor molecules that function during embryo-
nesis (1,5,9-11,16,19,21,24,25,33,35-39).

Perhaps the reason there is such a lack of information on inverte-
ate growth factors is that they are difficult to isolate and identify,
en with advances in high performance purification and analytical
ethods (14). They occur in low concentrations in tissues among
e multiplicity of other bioactive components present. When the
aterials are tested, the cells must be maintained under conditions
ch that only putative growth factors are limiting, to allow the effect
a candidate growth factor to be evident upon addition. The bioas-
y also must be specific. For example, if the cells respond to two
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different growth factors initiating DNA synthesis, a hioassay based
on the amount of DNA synthesis induced would not distinguish
between the two factors. Additional difficulties could be co-purifica-
tion of an inhibitor with the growth factor, or further production of
growth factors by the cells which would interfere with the bicassay.
In addition, binding proteins could be involved which can further
complicate the purification. For example, the insulinlike growth fac-
tors in human plasma have binding proteins that are recognized as
modulators of the factor’s activity. IGF activity was observed to exist
in plasma at a molecular mass above 50 kDa by gel permeation
chrematography. By lowering the pH, activity can be converted to a
lower molecular weight, that of the free IGF (23). These problems
are not necessarily greater for insects than for vertebrates, and we
believe too little effort has been expended in this area.

Perspectives

As a first step, a systematic study is needed on the effects of
commercially available vertebrate growth factors on selected insect
cell lines and tissues. Then, greater emphasis needs to be given to
specific cell and organ culture bioassays to discern whether inverte-
brate growth and morphogenic factors exist. Research is needed on
the structural characterization and genetic control of these growth
factors in invertebrates. Once the growth factors are characterized
they could be produced, and such availability of insect growth fac-
tors would aid in formulating chemically defined media, as has been
done for various vertebrate cell lines. Moreover, this approach will
help uncover insect-specific cellular regulators and genes control-
ling the proliferation and differentiation of insect cells, tissues, and
embryos.
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